Recent work has identified the physical features of smiles that accomplish three tasks fundamental to human social living: rewarding behavior, establishing and managing affiliative bonds, and negotiating social status. The current work extends the social functional account to laughter. Participants (N = 762) rated the degree to which reward, affiliation, or dominance (between-subjects) was conveyed by 400 laughter samples acquired from a commercial sound effects website. Inclusion of a fourth rating dimension, spontaneity, allowed us to situate the current approach in the context of existing laughter research, which emphasizes the distinction between spontaneous and volitional laughter. We used 11 acoustic properties extracted from the laugh samples to predict participants' ratings. Actor sex moderated, and sometimes even reversed, the relation between acoustics and participants' judgments. Spontaneous laughter appears to serve the reward function in the current framework, as similar acoustic properties guided perceiver judgments of spontaneity and reward: reduced voicing and increased pitch, increased duration for female actors, and increased pitch slope, center of gravity, first formant, and noisiness for male actors. Affiliation ratings diverged from reward in their sex-dependent relationship to intensity and, for females, reduced pitch range and raised second formant. Dominance displayed the most distinct pattern of acoustic predictors, including increased pitch range, reduced second formant in females, and decreased pitch variability in males. We relate the current findings to existing findings on laughter and human and non-human vocalizations, concluding laughter can signal much more that felt or faked amusement.
Introduction
The evil cackle of a B-movie villain. The polite smile of a stranger on a bus. The giggles, chuckles, and smile flashes that pepper conversation, making social interactions smooth and harmonious. These are recognizable instances of smiles and laughter, yet they defy the commonplace notion that "true" smiles mean people are happy and "true" laughter means people are amused [e.g.,1]. They suggest that smiles and laughter can do more than convey positive affect with varying degrees of authenticity [2, 3, 4] . Recent social-functional frameworks hold that facial expressions have evolved in the service of solving distinct problems posed by social living [5, 6, 7] . Thus, rather than asking whether an expression occurs during play versus competition, or whether it reflects a true or dissimulated emotion, a social functional approach asks how an expression influences the interrelated behavior of the expresser and observer(s) in the service of meeting social opportunities and challenges (see also [8] ). As applied to a particularly complex expression, the human smile, one social-functional theory holds that three basic tasks of social living-rewarding the self and others, maintaining social bonds, and negotiating social hierarchies-can be accomplished by the encoding of specific displays called reward, affiliation, and dominance smiles, respectively. Supporting empirical work has identified the unique morphological features of the three smiles [9] . Further, validation studies have confirmed that the expressions are spontaneously categorized as smiles, and convey the distinct meanings of reward, affiliation, and dominance [10] .
Smiles frequently co-occur with laughter [11] , and thus might constitute different aspects of a single over-arching social gesture [12, 13] . Given the primacy of vocalizations in the communication of many mammalian species, smiles may have gained specific social meanings due to their influences on physical properties of the voice [14, 15, 16, 17, 18] . In particular, smiling shortens the vocal tract, increasing the space between the first and second formants [19] . Changes in formant positioning capture the attention of rhesus macaques [20] , suggesting it conveys important social information. Indeed, increased spacing between formants creates the illusion of a smaller body size [21, 22] . Across mammalian species, vocalizations that make the producer seem smaller and/or less dominant, such as rapid, high-pitched vocalizations, are used in social contexts to signal appeasement, playfulness, fear, and other non-threatening or pro-social intentions [23, 24, 25] . When human ancestors evolved voiced as opposed to unvoiced laughter, it would have been adaptive to pair laughter with smiling, as the air expulsion during spontaneous laughter cannot be easily modulated [3] . We propose that lip positioning during laughter bouts can be more readily modulated to increase or decrease the small body illusion. Different smiles could therefore modulate the signal carried by laughter and other vocalizations.
In light of the likely structural relationships between smiles and laughter, the present work links the function of the two signals. We propose that, like smiles, laughter serves to solve problems of reward, affiliation, and social status negotiation, and we explore the acoustic properties that are linked to the perception of these meanings.
A social functional account of laughter
There is evidence that humans laugh in a variety of ways in order to influence their social worlds [26] and convey a range of intentional states [27, 28, 29] . Thus, the extension of a social-functional analysis of smiles to laughter seems theoretically feasible. However, to date, empirical basis for this extension is lacking. Extant research focuses largely on physical properties of laughter that predict perceptions of spontaneity, or the degree to which a laugh sounds uncontrollable versus intentional [e.g., 3, 30] , with spontaneous laughter associated with greater positivity and friendliness [12, 31] .
Spontaneous laughs originate from evolutionarily ancient subcortical brain regions, involve spasms of the diaphragm, override motor commands from higher brain regions (such that it is difficult to speak during spontaneous laughter), and have unique acoustic attributes [28] . In social functional terms, spontaneous laughter may be experienced as rewarding. Thus, like spontaneous laughter, laughs that act as reward signals are probably especially salient [32] , contagious [33, 34] , and enjoyable for producers [35] and listeners [36] . An affiliation laugh in the present framework most likely corresponds to the previously-identified "social" laughter, which often occurs in non-humorous social encounters and appears to serve relationship maintenance [25, 28] and conversation smoothing [27] functions. Like its smile counterpart, laughter of affiliation in theory serves to efficiently indicate that the subject of the laughter intends no threat and that the relationship itself is not in danger.
Evidence suggests that laughter can also signal aggressive intentions [37, 38, 39] . Conveying dominance and superiority with laughter may be more effective than with more overtly negative and aggressive behavior that invites conflict (for theorizing on ritualized threat displays, see [40] ). Laughing at someone and their inferiority could be the ultimate signal of the laugher's superior status, signaling the laugher is so far above the target in status that they do not need to engage in direct conflict to prove it. Somewhat separately, laughter that conveys dominance could be useful for enforcing norms within a group [41] .
Szameitat and colleagues [29] demonstrated the perceptual discriminability of laughs produced by actors imagining themselves in different contexts/feeling states, including being tickled, taunting someone, feeling joy, and feeling schadenfreude (pleasure at another's misfortune). The posed schadenfreude and taunting laughter, which fit into the current framework's conceptualization of dominance laughter, differed acoustically from the posed joy and tickleinduced laughter and was perceived more negatively by raters. Laughs that signal affiliation and dominance intentions would most likely be categorized as "voluntary" or lacking spontaneity [3] . However, this does not mean that laughter that communicates information other than positivity and reward is consciously-controlled or faked-they are likely automatized and honest signals of social intentions [42] .
Further evidence that laughter might serve the social functions of reward, affiliation, and dominance comes from research on humor. Humor is often accompanied by and is intended to elicit laughter [43] . Humor can be used and enjoyed purely for the pleasurable feelings it produces [44] . But it can also serve the function of ingratiation and connecting with a group [45] or specifically to signal one's higher status to listeners [46] . Taken together, the evidence suggests that laughter is used to serve the same basic tasks as smiles and that these two gestures are part of a similar social signaling system.
Overview of the present work
The present exploratory research was designed to extend a social functional account of smiles [6] to laughter. We presented 400 laughter samples to participants in an online study. In a between-subjects design, we asked participants to rate the degree to which each laugh clip expressed meanings related to reward, affiliation, dominance, or spontaneity. We included the latter in order to compare the current framework to the primary diagnostic dimension in the literature, but we do not consider spontaneity to be a fourth candidate social function. Spontaneous laughs are defined by their neural and physiological underpinnings [3] , while social functions are identified by their behavioral outcomes. Thus participants' judgments about how spontaneous a laugh seems could be orthogonal to or correlated with their social functional judgments.
We chose not to use laughter samples obtained in a lab setting or from a naturalistic database, as both options will always be limited by the social contexts the researchers chose to record. Instead, we used laughter bursts from a professional online sound library (soundsnap. com), with the assumption that a resource for videogame and movie sound editors would include vocalizations meant to convey a wide range of social intentions. We extracted relevant acoustic variables from the laugh samples and used them to predict subjects' social function ratings in a series of linear mixed-effect models with actor sex as a moderator. Each of the social functional dimensions was associated with a distinct acoustic profile, and spontaneity and reward were largely overlapping. Many of the social judgments related to different acoustic properties for male and female vocalizations.
Method
This study was conducted according to the appropriate ethical guidelines and approved by the Institutional Review Board (IRB) at the University of Wisconsin-Madison. Participants were at least 18 years old and were fully informed of what the study involved. Because obtaining signed consent was impractical in the online study, the IRB approved a waiver for signed consent. No sensitive information was collected, and all data were confidential. We analyzed only anonymous data. We report all data exclusions, all manipulations, and all measures. The data and analysis files and all laughter clips are available online (https://osf.io/ca66s/).
Participants and procedure
We recruited 768 online participants on Amazon's Mechanical Turk and TurkPrime [47] to "rate 50 very brief audio clips of people laughing" in exchange for $2 (all participation occurred May 11-12, 2017) . Five participants reported audio malfunctions and one participant reported that he did not listen to the sounds before rating them; excluding these participants resulted in a sample of 762 (see Table 1 for participant demographics).
After reading the consent information, participants were randomly assigned to judge the degree to which the laugh samples communicated a meaning related to one of the four dimensions (spontaneity n = 172, reward n = 254, affiliation n = 166, dominance n = 170). Each participant evaluated the laughs on just one of the four rating scales so experimental demands would not lead them to rate each laugh as high on only one dimension. Due to a programming error, the reward condition was oversampled.
Each participant rated a subsample of 50 laughs randomly drawn from the entire pool of 400 laughs. Each laugh was rated on a given dimension approximately 24 times (762 participants Ã 50 judgments) / (400 laughs Ã 4 rating dimensions). Instructions asked participants to rely on their "spontaneous impressions" to "rate the extent to which you think the. . .description fits this clip". The descriptions, which varied across conditions, were accompanied by a 10-point Likert scale (1 = "not at all", 10 = "very much"):
• Spontaneity condition: "Laughter can sometimes be spontaneous. You could feel that someone's laughter is unintentional and is occurring outside of their control."
• Reward condition: "Laughter can sometimes be rewarding. You could feel that someone's laughter means they like something that you did or said."
• Affiliation condition: "Laughter can sometimes be reassuring. You could feel that someone's laughter means they are acknowledging you and want you to know they are not threatening."
• Dominance condition: "Laughter can sometimes be mocking. You could feel that someone's laughter means at this moment they feel superior to or dominant over you."
After rating 50 laughs, participants answered several demographic and task feedback questions.
Laughter stimuli
To maximize the variability of our laughter sample, we obtained our stimuli from Sound Snap, a professional online sound library (soundsnap.com). Sound Snap's voice recordings are licensed by sound designers and producers; as such, they are largely produced in recording studios and often sound artificial. This is particularly important to consider in laughter, as spontaneity strongly influences perceiver judgments. However, we think it is appropriate to use these somewhat artificial stimuli in the current study for two reasons. Firstly, our social functional account is agnostic about the feeling states underlying an expression, instead seeking to identify common social consequences. Secondly, posed and synthetic facial expressions have been instrumental in identifying the action units relevant to certain emotions or social functions [48] , and distilled, sometimes caricatured expressions often exaggerate the most essential features of an expression [49] .
On April 19, 2017, we used the following keywords in a Sound Snap search, which returned 598 audio clips:
Ã -MANIC (dashes precede excluded keywords). Clips were then eliminated from the initial search return for the following reasons: contained no adult human laughter; contained speech, ambient noise, or multiple speakers; were low-quality vintage recordings; or were tagged with the words "ghost," "clown," "cartoon," or "crazy." This resulted in 400 relevant laughter samples (256 male, 144 female). We then trimmed any silence from the beginning and end of the samples.
Acoustic feature extraction
Eleven acoustic features were extracted from the 400 laugh samples using PRAAT [50] (see Table 2 for descriptive statistics). We describe the variables and the motivation for their inclusion in the current study below:
• Duration: The duration of the laughter sample in seconds, log-transformed to correct for positive skew. In at least one study, spontaneous laughter bouts were longer than volitional bouts [30, cf 3] .
• Intensity: The mean intensity, or loudness, in dB. Greater intensity may be an indicator of reduced inhibition [51] or increased laughter spontaneity [3] .
• Pitch variables: F0 mean refers to mean fundamental frequency, or pitch, as calculated using PRAAT's auto-correlation technique. F0 range is the difference between the lowest and highest F0 for each sample. Standard deviation of F0 divided by the total duration (SD F0 / duration) of the sample captures the average moment-to-moment variability in pitch; this variable was log-transformed to correct for positive skew. Slope is the mean absolute F0 slope, which measures how sharply the pitch changes occur by dividing the difference between a local F0 maximum and minimum (at intervals of .01 seconds) by the duration it takes to go from one to the other. Raised F0 and greater SD F0 / duration and F0 range are associated with spontaneity in laughter [3, 30] . Steeper F0 slopes are associated with high arousal emotion states [52] . To correct for the skewed distribution of pitch variables on a Hertz scale, F0 mean, slope, and F0 range were transformed from Hertz to a semitone scale (12 Ã log(X)), with F0 range calculated as a ratio of the maximum to minimum F0 (12 Ã log (maximum/minimum)) [3] .
• Spectral variables: Center of gravity refers to the spectral centroid, which accounts for the weighting of noise across the sample (log-transformed). Changes in center of gravity can correspond to the oral-nasal distinction in vowels [53] and the perception of vowel height in nasal vowels [54] . More generally, center of gravity is an indicator of the timbre, or brightness, of a sound, with higher centers sounding brighter [55] . Spontaneous laughs in one study had higher centers of gravity than volitional laughs [30] . Harmonics-to-noise ratio is the average degree of periodicity in dB; a higher value indicates a purer, more tonal sound, and a lower value indicates a noisier vocalization. Proportion voiced is the proportion of frames that are voiced as opposed to unvoiced. Voiced segments are nearly periodic, while unvoiced segments are noisier, and include exhalations and snorts [12] . Previous work showed that spontaneous laughs have more unvoiced segments [30] and longer intervals between voiced bursts [3] compared to volitional laughs. Laughs intended to portray teasing and schadenfreude have lower harmonics-to-noise ratios than laughter intended to portray tickling [29] . The spectral variables should be interpreted cautiously due to the laughter samples' unknown recording environments and possible compression at some point in the editing process.
• Formant variables: F1 mean and F2 mean, or the first and second formants (transformed to semitones), are peaks in the sound spectrum that help determine the vowel sound of a vocalization. Lowering F1 and raising F2 results in a "higher" vowel (e.g., shifting from /aː/ to /iː/). Spontaneous and rewarding laughter may be expected to feature high F1 means based on previous research [56] , as a higher F1 is associated with higher arousal [57] . Raised F2 can convey increased positivity [58] . A general raising of the vowel sound, which involves increasing the relative dispersion of the first and second formants, creates the illusion of a smaller body size [19] , as formant spacing is much more strongly related to body size than F0 [59, 60] . Furthermore, open vowel sounds are associated with high-arousal calls in monkeys [61] . Formant positioning therefore has the potential to predict perceptions of all four social dimensions in laughter [21] .
Five laugh samples were removed from subsequent analyses because they had no voiced frames and were therefore missing values for pitch variables. Inspecting the summary statistics suggests participants rated these unvoiced laughs as lower on reward (M = 2.84, SD = 2.23), affiliation (M = 3.04, SD = 2.29), and dominance (M = 4.26, SD = 3.23) than the other 395 laughs (mean spontaneity ratings are not noticeably different, M = 4.82, SD = 3.05, see Table 2 for descriptives of included laughs).
Results and discussion

Analytic strategy
We conducted a series of linear mixed-effect models (LMEM) to identify which acoustic variables predict variability in the social functional ratings. Separately for each social judgment dimension Ã acoustic variable combination (see Table 3 for correlations between the dimensions), we regressed participants' raw responses on the acoustic variable (see Fig 1 for  scatterplots for each variable) . In all models, we included interactions between the acoustic variable and actor sex, given the sex differences in acoustic properties of laughter [62] , frequency of "social" laughter [27] , and the social acceptability of dominance displays [63] . Table 4 .
https://doi.org/10.1371/journal.pone.0183811.g001
Analyses were conducted in the R environment [64] using the lme4 package [65] for model fitting and the lmerTest package [66] for calculating denominator degrees of freedom using Satterthwaite's approximations. In each of these models, we regressed participants' raw responses (on a scale from 1-10) on interactions between actor sex and one of each of the following acoustic variables (plus the two lower-order terms): log-transformed duration, intensity, F0 mean, F0 range, log-transformed F0 SD/ duration, slope, log-transformed center of gravity, harmonics-to-noise ratio, proportion voiced, F1 mean, and F2 mean. Since multiple observations were made for each laugh sample, we included a by-laugh random intercept. We included by-subject random intercept and random slopes for actor sex and the acoustic variable, since they vary within-subject. In four cases where we encountered model convergence failures, we constrained the covariance between random effects to zero [67] . Because we estimated 44 unique models (4 social judgment dimensions X 11 acoustic variables), we controlled the false discovery rate by reporting Benjamini-Hochberg adjusted p values, which were computed separately for each of the four outcome measures [68] . See supplementary materials for the results of an alternate analytic strategy in which we simultaneously regressed all 11 acoustic variables onto each social dimension, resulting in just 4 models but less interpretable estimates.
The initial models used centered actor sex (male = -.5, female = .5), but were followed up by models in which actor sex was recoded so that either male or female was coded as zero; this allowed us to identify which acoustic variables predict social judgments specifically for male and female actors. In the following sections we summarize and interpret the significant predictors for each social judgment outcome, but see Table 4 and Fig 2 for complete model estimates.
Acoustic features associated with spontaneity and reward
We found judgments of spontaneity and reward to be highly correlated (r = .84) and predicted by many of the same acoustic properties (see Table 4 , "Spontaneity Models" and "Reward Models"). Increased perceptions of spontaneity and reward were associated with higher F0 means, a feature likely influenced by arousal levels of the expresser and that is observed in research on spontaneous laughter [3, 30] . Also replicating previous work [30] , laughs high on perceived spontaneity and reward had less voicing.
In addition to having higher F0 means and less voicing, female but not male laughter was perceived as more spontaneous when it was longer in duration [see also 30] . This is perhaps due to the fact that females are normatively expected to be, and are, less intrusive with speech and vocalizations [69] . When a female does laugh longer, it may seem to perceivers that the laughter is truly outside of her control, while perceivers may not expect male volitional laughter to be constrained. In contrast to spontaneity, perceptions of reward were predicted by laugh sample duration for both males and females. If future work replicates this pattern, it supports the notion that males are generally less inhibited in their laughter, so variability in male laughter bout length is informative about the social function of a laugh, but not informative of how uncontrollable the laughter is.
We see further sex-specific effects for spontaneity. Compared to females, judgments of male spontaneity were predicted by a more complex pattern: increased F0 slope, higher spectral center of gravity, increased F1 and F2 means, and reduced harmonics-to-noise ratio. Previous work has linked reduced harmonics-to-noise ratio to perceptions of positivity, and increased center of gravity to perceptions of arousal [30] . Increased F0 slope [50] and raised F1 means [55] have been associated with high-arousal emotional states. F2 means are positively related to perceivers' judgments that a vocalization reflects an intense emotion [55] or a The first rows for each variable are the model estimates for the main effects (averaged across male and female actors). The second rows are the estimates for the acoustic variable-by-sex interaction terms. The third and fourth rows are the effects of the acoustic variables when the sex term is recoded, so they indicate the effect for males and females, respectively. P values are Benjamini-Hochberg adjusted for multiple comparisons. Significant effects are in color:
significant main effects are green, interaction terms are orange, simple effects for male actors are yellow, and simple effects for females are blue. *Indicates a log-transformed variable.
https://doi.org/10.1371/journal.pone.0183811.t004
positive affective state [57] , and higher F2 creates a higher vowel sound. At least in the current stimulus set, judgments of males'-but less so for females'-spontaneity appear to have been guided by biologically-reliable indicators of arousal and valence. Sex-dependent effects on reward judgments differed from spontaneity for two acoustic variables in addition to bout duration: pitch variability and F2 mean. SD F0 / duration (i.e. pitch variability) was negatively associated with perceptions of female reward. Pitch variability was not predictive of spontaneity judgments here or in previous work [30] , although that same study showed that spontaneously-elicited laughter actually features greater pitch variability than volitional laughter, a feature perceivers did not seem to pick up on. Future work should Unstandardized regression coefficients and 95% confidence intervals for models predicting spontaneity, reward, affiliation, and dominance ratings for male and female actors. Footnotes. Estimates from models in which the sex variable was centered over males (circles) and when it was centered over females (triangles), illustrating the effects of the acoustic variables on social judgments separately for male and female actors. Since unstandardized regression coefficients are reported, comparisons are best made within each variable rather than across variables, as the scales are different. *Indicates coefficient and standard error for a log-transformed predictor. **Indicates the coefficient and standard error were divided by 10 to better match the size of the other coefficients.
https://doi.org/10.1371/journal.pone.0183811.g002 determine whether this relationship between pitch variability and perceived reward of female laughter is an artifact of the current study or a feature that distinguishes rewarding functions from outright spontaneity. The male-specific relationship between F2 mean and spontaneity was absent for reward.
Acoustic features associated with affiliation
Perceptions of affiliation, like spontaneity and reward, were associated with higher pitch and reduced voicing for males and females, and a male-specific effect of F1 mean. The remaining acoustic predictors of affiliation judgments were unique to affiliation and sex-specific (see Table 4 , "Affiliation Models").
Affiliation was the only social judgment predicted by the intensity, or loudness, of a laugh, and exhibited opposite patterns for males and females. Males were judged as conveying appeasement and non-threatening intentions when their laughter was louder, while female laughter sounded more affiliative when it was quieter. If females are expected to be generally more restrained [70] , then they might be perceived as friendlier and less threatening with quieter laughter, while outgoing-sounding, loud laughter might sound more acceptable and friendlier in males. Indeed, disinhibition is an attractive quality in males [71] . This is speculation and requires follow-up research.
F0 range, or the distance in semitones between the minimum and maximum pitch of a laugh bout, was negatively associated with affiliation judgments for female actors. Threat and high-arousal states in non-human primates are conveyed with large jumps in pitch, while low-arousal vocalizations involve smaller pitch changes [59] . The interaction between sex and spectral center of gravity in the affiliation model was significant, with a larger, more negative simple effect for females, but this female-specific effect was not significant after correcting for multiple comparisons. A lower center of gravity conveys lower arousal and more volitional laughter [30] , and might therefore signal non-threatening, soothing intentions.
Further distinguishing affiliation from reward and spontaneity, female laughter with higher F2 means was perceived as more affiliative. Higher second formants occur in positive affective vocalizations in humans [57] and are perceived as a signal of smaller body size, conveying appeasement and submission in animals [59] . Raising F2 produces higher-sounding vowels and can be accentuated with retracted lips: for instance, compared to neutral lips, retracted lips shift the vowel /yː/ up to /iː/ [19] . This suggests a possible relationship between the degree to which a laugh "sounds" like a smile and, at least in females, how affiliative it sounds.
Acoustic features associated with dominance
The only features shared between laughs perceived as highly dominant and laughs perceived as spontaneous/rewarding are longer durations and higher centers of gravity for male actors. Dominance and affiliation are not predicted by any of the same acoustic features, and relate to several acoustic variables in opposite directions (see Table 4 , "Dominance Models"). See Table 5 for a summary of properties shared by the social dimensions.
Lower F0 means and SD F0 / duration both predict perceptions of dominance, but these main effects appear to be driven by male actors. These are properties shared with non-laugh vocalizations that convey dominance and largeness in humans and non-human animals [23, 72, 73, 74] . In an unsurprising reversal of F2's relationship to perceptions of affiliation in females, female laughs with lower F2 means are perceived as more dominant (the interaction term here is significant, suggesting no effect of F2 on perceptions of male dominance).
More dominant laughs have greater F0 ranges for both males and females. This relationship is unexpected as spontaneous laughter tends to have a greater pitch range than volitional laughter [3, 30] , and given the divergence of dominance and spontaneity ratings, we expected dominant laughter to have a lower range. This puzzle may be clarified in future work examining the pitch contour of a laughter bout: laughter conveying dominance and superiority may have a strong downward pitch contour with little variability, like more "dominant" speech utterances (e.g., statements as opposed to questions, [75] ).
Another surprising (non-)effect on dominance perceptions is harmonics-to-noise ratio. Animal threat vocalizations are typically noisier [59] , and posed laughter intended to portray schadenfreude and taunting has been observed to be noisier than laughter portraying tickling and joy [29] . We should avoid drawing conclusions from this null result, but future work should explore if and when noisiness is a reliable predictor of perceived dominance. 
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Each cell contains the acoustic predictors that were significant and in the same direction for both the row and column social dimension; the diagonal contains all significant predictors for a given social dimension. Variable names followed by an (M) or (F) had significant effects for only one sex. *Indicates a shared effect that predicts one of the social dimensions for both males and females, but predicts the other social dimension for only one sex.
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Possible explanations of observed sex differences
There are several potential explanations for why actor sex moderates the relationships between acoustic properties and social judgments. The first possibility is that spontaneous, rewarding, affiliative, and dominant laughs sound different when produced by males versus females [60] . The human vocal apparatus is sexually dimorphic [76] and male and female actors modulate different acoustic features to portray laughter in various social contexts [29] . The second possibility is that, specifically in our laugh sample set, the male and female actors conveyed different social intentions in distinct and, possibly, stereotypical ways, so that if we reproduced the current study using naturalistic laughter, the sex differences would disappear. For instance, it could be that males sometimes convey affiliation in ways similar to females, but this was just not represented in the Sound Snap database. The final possibility is that the sex differences are due to participants' mental models of how males and females sound when they are being spontaneous, rewarding, affiliative, and dominant. In line with this, previous work suggests that male listeners disregard acoustic cues of female laughter spontaneity [77] . Regardless of the source of these sex differences, this work highlights sex as an important moderator of social signals, particularly for behaviors like laughter with sexually dimorphic physiology, and when studying highly gendered social tasks like affiliation and dominance.
Possessing versus expressing affiliation and dominance
We must reconcile the acoustic signatures of affiliative laughter here with previous work, which shows that listeners can detect affiliation in dyads [78] . This work showed that listeners from many different cultures can detect when co-laughter is between friends or strangers, with laughter between friends involving acoustic features associated with spontaneity. Why, then, does the present work suggest separable acoustic signatures of spontaneity and affiliation? The previous study operationalized "affiliation" as whether co-laughers have an established relationship, while here we operationalize signals of affiliation as cues of appeasement and nonthreat. It is sensible that laughter produced in the presence of a friend is more spontaneous (and therefore rewarding), and such laughter reinforces close bonds [79] . Affiliative laughter as we define it is a tool for signaling friendliness and benign intentions, and such signals are only necessary when those intentions cannot be inferred or taken for granted. Spontaneous and rewarding co-laughter may indicate a secure social bond, while affiliative co-laughter may indicate bond maintenance or establishment is occurring. Indeed, such a distinction occurs in the facial displays of mandrill monkeys [80] . A similar clarification must be made for dominance. A recent study examined the acoustic properties of laughs emitted by group members possessing different levels of actual power and status as they jokingly teased each other [49] . This study revealed a strikingly different pattern of results than those presented here: laughter produced by dominant group members had higher pitch, pitch variability, and intensity, among other outcomes. The dominant laughers, overall, seem to be producing more spontaneous and disinhibited laughs compared to the low-status laughers. As with affiliation, this confusion can be reconciled by realizing that the previous study defined "dominant" individuals as those possessing actual power and status, while we are focused on signals intended to exert dominance on others [for a similar distinction in pride displays, see 81] . Such signals are hypothesized to occur when people perceive a discrepancy between their actual and deserved status in the group, or as a way to discount another person's status.
Limitations of the current work
The nature of the current study's laugh samples is a limitation that future research should remedy. First, we were unable to control for possible non-independence due to the same voice actors producing multiple laugh samples. Besides being statistically problematic, an inability to group samples by actor prevented us from using acoustic variables like nasality, which is best analyzed within-actor [82] . Future work should include additional relevant acoustic variables, including intervoicing interval [3] , pitch contours [24] , and apparent vocal tract length [21] .
Another limitation of the sample used is that they were largely posed (albeit by presumably professional voice actors), so the spontaneity dimension was restricted. One could make the conservative assumption that none of the 400 laugh samples are spontaneous in an underlying neural and physiological sense, but still, many of the acoustic features predicting perceptions of spontaneity in the current work match those previously observed. In our social functional approach, which is agnostic about the underlying internal state or physiology of the expresser, it is arguably most important that the current study's stimuli had variability in perceptions of spontaneity. Still, future work should explore whether, with verifiably spontaneous laughter, perceptions of reward and spontaneity continue to be based on overlapping acoustic features.
Summary
We predicted participants' ratings for each of the social judgment dimensions-spontaneity, reward, affiliation, and dominance-using 11 acoustic variables in order to identify the systematic acoustic properties listeners use to extract social meaning from laughter. Similar acoustic features guided perceptions of spontaneity and reward, with just a few exceptions, and some of these acoustic features have been previously identified as diagnostic of spontaneity [3, 30] . We therefore suggest spontaneous laughs can serve a rewarding function. Affiliation judgments shared a few characteristics with spontaneity and reward, but several acoustic features distinctly predicted affiliation. Dominance judgments related to the most distinct pattern of acoustic features, often relating to the acoustic variables in direction opposite to the other social judgment dimensions.
Interestingly, actor sex was an important moderator of the relationship between many acoustic properties and perceivers' judgments. Besides the reliable indicators of spontaneityproportion voiced and F0 mean-female spontaneity and reward judgments were based on a sparser set of predictors (duration and variability, with the latter only predicting reward). A more complex set of variables predict judgments of male spontaneity and reward.
Female laughter that conveys affiliation involves acoustic properties associated with signals of appeasement and friendliness [19, 57] , such as raised pitch, raised second formant, and reduced intensity. The pattern of acoustics that convey affiliation in males, meanwhile, bears some resemblance to higher-arousal, more spontaneous states (e.g., greater intensity combined with higher pitch and first formant) [3, 55] . Beyond the signatures of dominant intentions shared by males and females, the communication of dominance in males involves lower pitch and higher spectral center of gravity, while in females it involves a lowered vowel (as reflected by F2).
This study is an exploratory first step towards a social functional account of laughter. It complements the spontaneity distinction, which by itself is insufficient to predict what form laughter will take across a variety of social contexts [83, 84, 85, 86] . Because laughter conveys that any accompanying behaviors are harmless, it allows expressers to act upon their social worlds without risking relationships [87] .
We hope this initial step towards applying the same social functional approach to both smiles and laughter will inspire future research to integrate across expressive modalities. Future research will test whether laughter produced in vivo does indeed serve the social tasks of reward, affiliation, and dominance, and will explore if and how different variations of laughter co-occur with different variations in smiles [9] . The social functional approach generates useful predictions about the adaptive origins and social consequences of nonverbal expressions, going beyond more traditional approaches that focus on the affective or physiological state of the expresser.
